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The Goal I

Cold droplet of

early universe...
cores of compact stars...




What Happened?!

game sort of physics

ewerging in certain
cold atom systews..

Behaviour of individuals vs.

Behaviour of a erowd.




Understanding the Physics |
d

Is a description in
terms of wolecules
best for getting to

Need robust models
@ / / of these properties
| g for this new form
of matter.

grips with wetness
of water?

Are these the most natural
variables to describe the physics?

the best starting
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Is a model of
individual atoms

Perhaps the
answer is no...




Another Possibilityl

lconsiderfhe forees... [ e
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Can pull apart objecfé that inferact
electromagnetically until they are

Is this all a elve!

essentially free...
But not for quarks
A o S interacting with
®:: o= C LT |the strong nuclear

foree...




History |:The Old String Idea

from the ...different nuclear par’ricles'
The old ideas r;()s | correspond to different vibrations
60s and early 705 and spinnings of the string...
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meson... \

Q@

some other meson... \




History 2: Strings Fail!

sics of srings {s very
rder to work, the

ot of demands:

There must be open strings and

Ok. That’s where we came

their vibrations... in. Works pretty well.
R — e
There must be closed strings and
their vibrations... | /\/ )y
BRI ———— e
There must be more than three : So clearly
spatial dimensions... ol';;,::’,fa:axh,e this is just
. | / wrong...
R T — right?
e ——




History 3: Quarks and Gluons Rulel

ther with the

hese buas - 100 d the string \/
1 roach - kille i ' .
QCv apa“)”QW\pt in the ) T~ Powarfol for s'[":‘j(s]yl(y;%
aspect
h %ua"";:d?:s (QCV) ::::pk\—{gluon physics
Chromoly ) |
jgh energ@yy - - |
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But these techniques

tall short of what
we need now,,,

...........
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Having failed t0
explain something,
strings were
resurrected in the late
70s and then the 30s
in order To try to0
explain “tyerything’

History 4: Strings for Everything|

E .
V\erv‘l’hl"Q? \/
«Combine Gravity and Quantum Physics

Unify gravity with the other forces

Place all matter and interaction into one framework.

Awmbitious and on-going... |

Key idea comes from

that funny closed
string behaviour..

Perhaps it is Qua
. ntum Gravit
that strings are good for! !

Run with
the idea...i

YES!




Classical Black Holes

ise as very simple Simplest objects
Thse(xuﬂfr.‘oms to Einstein's in the universe. |
General Relafivily Whatever forms or falls into

the hole, its details get lost:

‘form from lots of wass- the black hole just gets bigger.

energy in small enough region |

-"No’rbinq can escape, not Horizon
even light” (“Black”) “Universalizes” | |Entropy
*Point of no return - Horizon | the physies. —()

"——-——

For small enough black
holes, quantum effects
are important.

What are they?




Quantum Black Holes

‘ rr— Entropy

o Einstein's Genera $++0 means they have an ., A

CKOZ“:’:?\?"’E; Wiﬂg quantuwm internal structure...! = 4G
wmechanics

String theory supplied a
*Black holes radiate, ac’ring[ quantum gravity

like a body with temp. 7 description of the phvsicy
'lts mass can radiate away. * ,of the internal structure.

rActs like thermodynamic w
object of entropy S. , ‘A = areal
=

<4
| )
v Clue: Entropy (information

about interior) cares about
area, not volume!
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|£o what? |




Holographic Principle




For black holes :lV\ certain
4+ diwm spacefiwes.

A Duality: Strings Retu E\ﬂ

Black hole in higher
dimensional space,
$0 not in our world!

“Puality” Same physics in very different svs’remsf Easy to compute properties

Have a dictionary to translate between
the four (space) dimensional quantum
gravity quantities and a three (space)

dimensional systewm! )

[Torn this around to exploit it...

of the gravity system
(black holes) deterwmine
hard fo compute properties
of the dval system of
inferest.

Let’s see how
it works...




Black hokj

Extra dimension




Key: Previous attempt was not using stringy
ideas to address the right physical regime!




Computation of
the Viscosity...

See how two separated
points in the plasma
connect to each other...

.and scatters

off the black
hole hefore

returning!

Bigger black hole absorbs wore,
reduces disturbance, increasing

The disturbanee
fra.vels as closed
$Trings (gravitons)

viscosity.
viscosity entropy
B A o A
= JenG ~ 4G
ey n_ 1 Just what’s
S 4 been seen!
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Hopes and

Expectations

The wodels so far are
simple, so it is remarkable
what they can already do...

Why does it
work so well?
What are

prospects for
wore success?

Strings, gravity, black holes,
ete, seem to supply the right
variables for this physics.

What are the
“Universal” features
of our new variables
that simplify the
physics...?

Black holes with their
simple horizons...




Hopes and Expectations I
This is also a powerful test of ’rhel
tools that come from string theory...

Perhaps wore experiments may shape the
. theory in ways we have not thought of yet...
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